The morphology, structure, and antigenicity of the cells and the cell wall mannans of the Candida guilliermondii IFO 10279 strain cultivated at 33 and 34°C for 48 h in yeast extract-added Sabouraud liquid medium (YSLM) were compared with those cultivated at 27°C and 33°C and then at 27°C (33-27°C). This strain showed little growth at higher than 35°C. The density of the yeast formed cells decreased, with dry weights of about 50% at 33 and 34°C, and only the cells at 34°C revealed a failure of cytokinesis. The structure of the mannans revealed by 1 H-NMR analysis that the mannans obtained at both 33 and 34°C had drastically decreased two consecutive b b-1,2-linked mannopyranose units at the nonreducing terminal of the a a-linked oligosaccharides and increased one b b-1,2-linked mannopyranose unit at the nonreducing terminal attached to the a a-1,3-linked mannose unit and the non-reducing terminal a a-1,3-and a a-1,2-linked mannopyranose units. The enzyme-linked immunosorbent assay (ELISA) showed that the mannans obtained at 33 and 34°C had decreased reactivity against the factor serum 9 and increased its reactivity against the factor serum 4, in the commercially available factor serum kit 'Candida Check'.
Candida infections are a major cause of morbidity and mortality in compromised hosts. Fukazawa et al. 1) designed a slide agglutination scheme which uses 10 factor sera, 1, 4, 5, 6, 8, 9, 11, 13, 13b, and 34, whereby it is possible to make a rapid and accurate identification of seven medically important Candida species as a commercially available serum factor kit including the 10 factor sera (Candida Check).
2) A structural model of Candida mannans, indicating the allocation of antigenic factors has been proposed.
3) The cell-wall mannan parts in C. albicans are implicated to have at least some virulence functions to the host cells. [4] [5] [6] [7] [8] It is known that the expression of cell surface antigens of C. albicans changes depending on the growth conditions, growth state, and morphology of the cells. 9, 10) However, little is known about the entity of the antigenic changes. With the objective to clarify the antigenicity of C. albicans cells grown in a patient's body, we used the body temperature (high temperature, 37°C) for the Candida cell cultivation. The results showed that the mannans prepared from all the strains of C. albicans serotypes A and B cultured at high temperature (37°C) in yeast extract-added Sabouraud liquid medium (YSLM) composed of 0.5% (w/v) yeast extract, 1% (w/v) peptone, and 4% (w/v) glucose and in 500 mM galactoseadded yeast nitrogen base medium (YNB-Gal) lost their reactivity against the factor sera 5 and 6 in the 'Candida Check' 2) and contained neither a phosphate group nor a b-1,2-linked mannopyranose unit compared to that from the cells cultured under conventional conditions (27°C) in the medium. [11] [12] [13] It is known that Candida guilliermondii only rarely causes infection (fungemia) in humans.
14) The serological behavior of the pathogenic C. guilliermondii is that the determinants of Candida antigenic factors 1, 4, and 9 have been detected on the cell surface mannan of the C. guilliermondii.
2) The structure of the mannan of the C. guilliermondii IFO 10279 strain cultured at 27°C has already been reported. 15, 16) In this study, we used various temperatures (27-37°C) for the cultivation conditions in order to clarify the entity of the C. guilliermondii strain cells in vivo and compared the mannan structure and the antigenicity, namely, of the strain cells cultured at these temperatures in YSLM.
MATERIALS AND METHODS

Strain and Culture Conditions
The C. guilliermondii IFO 10279 (Cgu-10279) strain was obtained from the Institute for Fermentation Osaka (IFO), Japan. The cultivation and preparation of the cells were conducted as previously described.
11) The strain was precultivated in yeast extract-added Sabouraud liquid medium (YSLM) at 27°C for 24 h on a rotary shaker (150 rpm). The cells (2ϫ10 7 ) in 100 to 200 ml aliquots were then inoculated into 200 ml each of YSLM, and the main cultivations were separately conducted in YSLM at 27, 33, 34, 35, 37°C, and 33°C and then at 27°C (33-27°C) for 48 h at each temperature with shaking. After harvesting the cells by centrifugation, the pHs of the supernatants were measured, and the precipitated cells were washed three times with saline by centrifugation. The morphologies of the washed cells were photomicroscopically evaluated. To evaluate the cell density at the end of each culture period, portions of the cultures were freeze-dried. The cells washed with saline were dehydrated with a large volume of acetone.
Preparation of Mannans The mannans were prepared as previously described. 17) Briefly, this was done by a combination of extraction with hot water from the acetone-dried cells and short-term precipitation with Fehling's solution. The mannan fractions obtained from the Cgu-10279 strain cultured at 27, 33, 34°C, and 33-27°C in YSLM were designated as mannans Cgu-10279-27-M, Cgu-10279-33-M, Cgu-10279-34-M, and Cgu-10279-33-27-M, respectively.
ELISAs of Mannans The enzyme-linked immunosorbent assay (ELISA) of the mannans was essentially conducted as previously described with factor sera 1, 4, and 9 from 'Candida Check', a kit purchased from Iatron (Tokyo, Japan) consisting of rabbit polyclonal antibodies against Candida cells.
18)
H-NMR Analyses of the Mannans
The 1 H-NMR spectra of the mannans were recorded using a JEOL JNM-GSX 400 spectrometer. Each sample was dissolved in D 2 O at a concentration of 1% (w/v), and the determination was conducted at 45°C with acetone as the internal standard (2.217 ppm).
RESULTS AND DISCUSSION
The determination of the exact antigenicity of the pathogenic Candida cells grown in a patient's body is important in order to provide an accurate diagnosis and to select the best medical treatments thereafter. For this purpose, we previously reported that C. albicans cells cultured in YSLM at high temperature (37°C) significantly changed the antigenicity. 11, 12) Namely, the mannans, A-37-M and B-37-M, prepared from the C. albicans NIH A-207 and NIH B-792 strain cells cultured at 37°C in YSLM had lost their reactivity against serum factors 4, 5, and 6 from the 'Candida Check' and contained neither a phosphate group nor a b-1,2-linked mannopyranose unit compared with those from cells cultured at 27°C. In this study, we next investigated the antigenicity of C. guilliermondii strain cells cultivated at various temperatures (27-37°C) in YSLM.
The cultivations of the strain at all the temperatures showed nearly the same pHs (4.4-5.4) in the cultures (Table  1 ). This strain showed little growth at temperatures higher than 35°C. The cell density decreased, with dry weights of about 50%, by the cultivations at 33 and 34°C compared with the cultivations at 27°C and 33-27°C. The cells of the strain obtained by cultivations at 27, 33, and 33-27°C showed the typical yeast form (Fig. 1) . Only the cells cultured at 34°C revealed a failure of cytokinesis.
We next examined the chemical structure of the mannans by 1 H-NMR (Fig. 2) . pared with the other two mannans, (A) Cgu-10279-27-M and Cgu-10279-33-27-M. 15) This shows that the mannans possess the a-1,6-linked mannopyranose unit at the same levels in the structures. The mannans (B) obtained by cultivating at 33 and 34°C had a drastic decrease in the signals at 4.848 ppm in the H-1 region, 4.151 ppm, 4.157 ppm, 4.248 ppm, 4.264 ppm, and 4.272 ppm in the H-2 region, and 3.378 ppm part in the H-5 region, which correspond to the two consecutive b-1,2-linked mannopyranose units at the nonreducing terminal of the a-linked oligosaccharides, compared with the other two mannans (A). On the other hand, the mannans (B) obtained by cultivating at 33 and 34°C had increased signals at 5.049 ppm in the H-1 region and the 4.064 ppm part in the H-2 region, which correspond to the nonreducing terminal a-1,2-linked mannopyranose unit, compared with the other two mannans (A). We then compared the structural changes of the mannans based on the assignment result of the crosspeaks on the two-dimensional HOHAHA spectrum (Fig.  3) .
15) The boxed cross-peaks 2, 5, 6, 9, and 10, which correspond to the two consecutive b-1,2-linked mannopyranose units at the nonreducing terminal, in the mannans (B) obtained by cultivating at 33 and 34°C decreased compared with those in the mannans (A) obtained by cultivating at 27 and 33-27°C. On the other hand, the mannans (B) obtained by cultivating at 33 and 34°C increased the circled crosspeaks 1, 7, and 8, which correspond to a-1,3-linked mannose units substituted with a nonreducing terminal b-1,2-linked mannose, the circulated cross peak 3, which correspond to the nonreducing terminal a-1,3-linked mannose unit, and the circulated cross peak 4, which correspond to the nonreducing terminal a-1,2-linked mannose unit, compared with those in the mannans (A) obtained by cultivating at 27 and 33-27°C. We can speculate that the cultivations of the Cgu-10279 strain at 33 and 34°C synthesize the mannans Cgu-10279-33-M and Cgu-10279-34-M which removed one or two of b-1,2-linked mannose units from the side chain oligosaccharides (M7 and M10) possessing the terminal two consecutive b-1,2-linked mannobiose. 15) We then performed a series of mannan-ELISA tests between factor sera 1, 4, and 9 from the 'Candida Check' and mannans Cgu-10279-27-M, Cgu-10279-33-M, and Cgu-10279-33-27-M, respectively (Fig. 4) . The Cgu-10279-33-M retained the reactivity with factor serum 1, increased the reactivity against factor serum 4, and clearly decreasd the reactivity against factor serum 9 in contrast to the Cgu-10279-27-M and Cgu-10279-33-27-M. These results show that the changes in antigenicity, namely, in the mannan structure, of the Cgu-10279 strain cells are caused by cultivation at high temperatures (33 and 34°C) in YSLM. The changes show that the mannans obtained by cultivating at 33 and 34°C decreased the a-1,6-branched long mannooligosaccharides (M7 and M10) possessing the terminal two consecutive b-1,2-linked mannobiose attached to the a-linked mannopyranose residues, which correspond to serum factor 9, and, instead, increased the a-1,6-branched mannooligosaccharides (M5 and M6) possessing only a-linked mannopyranose residues, which correspond to serum factor 4, compared with those in the mannans (A) obtained by cultivating at 27 and 33-27°C. 15, 19) Based on these results, the C. guilliermondii IFO 10279 (Cgu-10279) strain clearly changed the antigenicity, namely, the mannan structure, by cultivation at high temperatures in YSLM similar to the C. albicans. 11, 12) The most significant changes are the decrease and the disappearance of the b-1,2-linked mannopyranose unit in the mannans. The Cgu-10279 strain only slightly grew at the body temperatures (37°C) but can grow at 33 and 34°C (Table 1 ). This result suggests that the strain may well participate as a pathogen of superficial fungemia from the growing temperatures rather than a pathogen of deep-seated mycoses.
14) The present study may provide useful information for the correct identification of the patient-derived Candida and for the determination of the biological and pathogenical characteristics. [11] [12] [13] 
